Background: Optical coherence tomography (OCT) is a noninvasive method of analyzing in vivo retinal architecture. It also measures retinal nerve fiber layer (RNFL) thickness, which is useful in managing diseases of the retina. Age-related thinning of the retinal ganglion cell complex has been measured using OCT. The present study is to evaluate the RNFL and ganglion cell layer (GCL) thickness using spectral domain OCT in patients with cognitive impairment (CI) and to study the correlation between RNFL and mini-mental state examination (MMSE) scores. Materials and Methods: A case-control study was done on 88 eyes of 44 patients, of which 27 belong to mild CI (MCI) and 17 were controls. They were assessed using MMSE/MINICOG/Montreal Cognitive Assessment tests and retinal OCT for RNFL, GCL, and inner plexiform layer (GCL + IPL) analysis. Results: RNFL thickness was reduced in all quadrants, more in superior and inferior quadrants in patients with MCI. GCL + IPL layer showed overall thinning in all quadrants, of which inferonasal and inferior quadrants were thinnest. Conclusion: MCI patients were prone to develop neurodegeneration even in the absence of microvascular changes in the retina. Hence, it is suggested to carry out routine evaluation of retina with OCT in all patients above the age of 60 to detect early neurodegenerative changes for early management. It is also noted that the sensitivity of GC + IPL was higher than that of RNFL to discriminate MCI from controls.
INTRODUCTION
The estimated prevalence of dementia in the world is 46.8 million, which is expected to double by 2035. [1] Age comes with an increasing incidence of cognitive impairment (CI). [2] It is a clinical syndrome affecting about one-third of patients preceding dementia. [3] Early detection of CI can benefit population in various levels, which includes screening, early diagnosis, and immediate access to treatment. [4] About 10%-15% mild CI (MCI) patients will progress to Alzheimer's disease (AD) per year, while even 1%-2% of healthy controls are at risk of developing AD. [5] The biological association between diseases of retina and brain is based on common development, as an extension from diencephalon. [6] There are structural similarities between retinal ganglion cell (RGC) and central nervous system (CNS) neurons. [7] The RGCs also undergo the same neurodegenerative processes affecting directly injured neurons, resulting in degeneration of axons, glial scar formation, and loss of myelin.
Optical coherence tomography (OCT) is a noninvasive technique which uses low-coherence interferometry to produce a two-dimensional image of optical scattering from internal tissue microstructures. [8] It affords clinicians the ability to quantify the thickness of the retinal nerve fiber layer (RNFL), which is useful in managing diseases of retina. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
Retinal changes in patients with
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During aging, there is 1-3 μm thinning of the ganglion cell complex annually. [9] Both total retinal thickness and RNFL thickness significantly decrease with age. [10] Macular retinal pigment epithelium becomes more pleomorphic and opposite occurring in periphery. [11] 
MATERIALS AND METHODS
This case-control study was done on 88 eyes of 44 patients, of whom 27 had MCI and 17 were controls. It was conducted in the Department of Ophthalmology and Psychiatry of a Tertiary Care Hospital in India during January 2017 to June 2018. After obtaining written consent, a detailed history and ophthalmic examination were done. Patients between the age group of 60-75 years with best-corrected visual acuity >6/12 and recently diagnosed patients with CI (less than a year) were included in the study.
Patients with ophthalmic conditions where OCT could not be done, neuropathies such as optic neuritis and glaucoma, congenital anomalies of optic disc, severe proven AD, and uncooperative/bedridden patients, were excluded from the study.
The assessment and grading of CI were based on the mini-mental state examination (MMSE) for literate patients and Montreal Cognitive Assessment (MOCA) scale/MINICOG test for illiterate patients.
Patients were assigned to Group 1 and Group 2 after complete neurological examination and MMSE.
• Group 1 (cases: 27) -patients with MMSE score 10-23 • Group 2 (control: 17) -patients with MMSE score >23.
OCT using Cirrus HD-OCT (Carl Zeiss Meditec, Dublin, CA) without pupillary dilatation and under the same intensity of dim room lighting by the same specialist was done in both groups, and following parameters were evaluated. 1. Peripapillary RNFL thickness measured as mean thickness in superior, inferior, nasal, and temporal quadrants 2. Ganglion cell layer (GCL) with inner plexiform layer (IPL) thickness is measured in all six sectors: superonasal, inferonasal, superotemporal, inferotemporal, superior, and inferior sectors.
Changes in the above parameters were analyzed.
Statistical analysis was performed using independent two sample t-test for the parametric variables and Mann-Whitney U-test for nonparametric variables. To test the mean variables, Wilcoxon signed-rank test was used. To study the association of study variables with groups, Chi-square test was used.
RESULTS
Data were collected from 88 eyes of 44 patients of whom 27 belonged to Group 1 with MCI and 17 to Group 2 of controls. All the patients fulfilled the inclusion criteria:
Age distribution This pie chart [ Figure 1 ] shows distribution of the cases and controls. In Group 1 of MCI, the mean age was calculated to be 67 ± 3.79 years. In Group 2, the mean age was 64.29 ± 3.46 years. Youngest patient in the study was 60 years old, and oldest was 74 years.
Comparison of retinal nerve fiber layer in both groups RNFL thickness is reduced in all the quadrants. Superior and inferior quadrants [ Figure 2a and b] show significant thinning in MCI patient (Group 1) compared to controls of Group 2 [ Figure 3 ].
Ganglion cell layer thickness
In this study, GCL + IPL layer showed overall thinning in all quadrants from the data obtained from both groups of which superotemporal, inferonasal, and inferior quadrants were the thinnest [ Figure 4a and b]. Inferonasal quadrant showed 68.82 ± 10.0, and inferior quadrant showed 69.00 ± 7.80 [ Figure 5 ].
DISCUSSION
Our study was to evaluate the RNFL and GCL thickness using spectral domain OCT in patients with MCI. We also studied the correlation between RNFL and MMSE scores and found that RNFL showed significant thinning in MCI patients compared to age-matched controls. RNFL OCT showed significant thinning in superior and inferior quadrants. GCL + IPL layer showed significant thinning specifically in superotemporal and inferonasal quadrants. To understand the connection between the retina and brain, various intense studies have been carried out by researchers worldwide. London et al. in their study explained the biological association between diseases of retina and brain. During the development of embryo, both the retina and optic nerve are extensions from diencephalon of CNS. [6] Thus, the microvasculature system shares common physiology, while the blood-ocular barrier closely resembles the structure and properties of the blood-brain barrier. [7] Hence, there are structural similarities between the RGC and CNS neurons, as well as the optic nerve fiber tract with other fiber tracts of the CNS. The RGCs also undergo the same neurodegenerative processes affecting directly injured neurons, resulting in degeneration of axons, glial scar formation, and loss of myelin. [6, 7] The prevalence of dementia in people aged over 60 is fairly uniform across the world -between 5% and 7% as per Lee et al. Our study also showed the mean age in Group 1 (MCI) as 67 ± 3.79 years and Group 2 (control) as 64.29 ± 3.46 years.
The correlation between retinal structural degeneration (OCT parameters) and the CI (MMSE scores) in MCI was analyzed, and our findings confirmed a significant correlation between MMSE scores and several OCT parameters. This finding is in accordance with a study by Cunha et al. on the quantification of neural loss with CI. [12] Iseri et al. also found a significant correlation between total macular volume and MMSE score in AD and MCI patients. [13] Comparison of retinal nerve fiber layer thickness with other studies The study conducted by Liu et al. found a significant decrease in RNFL thickness in superior and inferior quadrants of AD compared to MCI. [5] Our study also showed significant thinning in superior quadrant (P < 0.05) [ Table 1 ].
Kesler et al. and Shen et al. in their study concluded significant decrease in RNFL in the inferior quadrants of patients with AD and MCI compared with controls. [15] In addition, inferior quadrant RNFL thickness was inversely associated with better cognitive function. [19] Our study also showed significant thinning in the inferior quadrant.
In a cross-sectional study conducted by Invernizzi et al., they compared retinal layer thickness of HIV-infected patients with CI and HIV-infected patients without CI. Totally, 69 cases and 70 controls were included and assessed using MOCA. GCL thickness correlated positively with cognitive function and negatively with age in HIV patients. [20] Our study also used MOCA to assess the CI and to study the thinning in the RNFL.
Cheung et al. in their study suggested that the sensitivity of GC-IPL was generally higher than that of RNFL to discriminate AD and MCI from the controls. [17] Similarly, Shao et al. studied that the thickness differences were negative (thinning) mainly RNFL and macular ganglion cell and inner plexiform layer in both AD and MCI groups in comparison to controls. [21] Our study was also in accordance with the above studies showed similar finding with significant thinning in all quadrants, and superonasal and superotemporal showed statistically significant thinning (P < 0.05).
Lad et al. and Choi et al. in their study suggested that macular GCL + IPL thickness can serve as noninvasive promising biomarkers to diagnose and monitor the progression of MCI to AD. He also suggested that NFL and GCIPL may undergo dynamic changes during AD progression. [22, 23] 
CONCLUSION
The mean RNFL and mean GCL + IPL layer showed thinning in MCI patients. RNFL-OCT showed significant thinning in [18] 97.6 (6.2) 93.7 (11.2) 121.1 (11.8) superior and inferior quadrants. GCL + IPL layer showed significant thinning specifically in superior and inferior quadrant. Significant correlation of age with retinal thinning was noted.
It can be concluded that MCI patients were found to develop neurodegeneration of retina (measurable on OCT) in the absence of detectable microvascular changes. Hence, it is suggested to make it a routine evaluation of retina with the help of OCT in all patients above the age of 60 years, to detect early neurodegenerative changes for early diagnosis and management. This study suggests that the sensitivity of GC-IPL was generally higher than that of RNFL to discriminate MCI from the controls.
